Objective To determine the prevalence, correlates and prognostic implications of anaemia and iron deficiency (ID) in patients with heart failure (HF) in Tanzania. Method This was a cross-sectional and prospective observational study conducted at Muhimbili National Hospital in Dar es Salaam, Tanzania. Patients were ≥18 years of age, with HF defined according to the Framingham criteria. The primary outcome was anaemia and the secondary outcome was a composite of hospitalisation for HF or all-cause mortality. Results A total of 401 HF patients (median age 56 years, IQR 41-67 years; women 51%) were included. The prevalence of anaemia was 57%. The overall prevalence of ID was 49% distributed as 69% versus 21% in subjects with and without anaemia ( p<0.001). Normocytic anaemia was seen in 18% of the patients while none had macrocytic anaemia. The risk of having anaemia was positively associated with residency outside Dar es Salaam (OR 1.72 (95% CI 1.02 to 2.89); p=0.038), atrial fibrillation (4.12 (1.60 to 10.61); p=0.003), LVEF <45% (2.70 (1.57 to 4.67); p<0.001) and negatively (ORs per unit decrease) with creatinine clearance (0.98 (0.97 to 0.99); p=0.012) and total cholesterol (0.78 (0.63 to 0.98); p=0.029). One-year survival free from a composite endpoint was 70%. The presence of ID anaemia increased the likelihood for an event (HR 2.67; 95% CI 1.39 to 5.07; p=0.003), while anaemia without ID did not influence the risk. Conclusions ID anaemia was common in Tanzanian patients with HF and was independently associated with the risk for hospitalisation or death.
BACKGROUND
Despite available standardised therapy, successful management of heart failure (HF) remains difficult in the presence of concomitant disorders. Anaemia, one comorbidity associated with refractory HF, 1 is associated with increased risk of mortality. 2 3 In high-income countries (HIC), the prevalence of anaemia in HF ranges from 4% to 55% [4] [5] [6] depending on the study population and the level of haemoglobin (Hb) cut-off used to define anaemia. The prevalence in HF populations in Sub-Saharan Africa (SSA) is less well known but has been estimated to range between 12% and 64%. [7] [8] [9] [10] [11] Further characterisation of its prevalence provides an opportunity for increasing the understanding of the role of anaemia in HF as well as options for treatment.
The relation between iron deficiency (ID) anaemia and HF has been explored in HIC. 12 ID , not yet causing anaemia, is associated with a compromised prognosis in HF. 12 13 Less is known about the role of ID and other types of anaemia in HF populations from SSA 14 and needs to be explored in SSA populations where ID anaemia and chronic infections are prevalent.
The present study aims to determine the prevalence and prognostic implications of anaemia and ID in HF in Tanzania.
METHODS

Study participants and investigations
The Tanzania Heart Failure (TaHeF) study was both a cross-sectional and prospective observational study conducted at the Cardiovascular Centre of the Muhimbili National Hospital (MNH), a national referral centre for a population of 45 million people. A detailed description of the study design has been reported. 7 In brief, 427 consecutive patients with HF according to the Framingham criteria 15 were recruited from February 2012 to August 2013 (figure 1). The exclusion criteria were age <18 years and that a patient declined participation. Data on demographic, social, clinical, comorbidity, laboratory and echocardiographic variables were collected (table 1) .
Full blood pictures were obtained by means of a haematology analyser (Beckman Coulter ACT5 DIFF), while total cholesterol, serum Na + , K + and creatinine were analysed by the use of a chemistry analyser (Roche Cobas Integra 400 plus) at the National Central Pathology Laboratory at MNH. At echocardiography (General Electric Vivid 5 with a 2.5-5 MHz probe), the acquired data included pulmonary pressure and LVEF. The LVEF was measured by the 2D biplane Simpson technique and agreed by consensus between two senior cardiologists ( JL and PK).
Patients were followed monthly in the outpatient clinic until August 2013. Those who missed their appointments or were hospitalised outside MNH were contacted through mobile phones. In the case of patients who died, the date of their status was obtained from a next of kin (figure 1).
Outcome measure and definitions
The primary outcome was anaemia and the secondary outcome was a composite of hospitalisation for HF or all-cause mortality (whichever came first).
Based on the WHO, anaemia was defined as Hb <13 g/dL for men and <12 g/dL for women 16 and graded as mild for levels between 10.0 and 12.9 g/dL (men)/11.9 g/dL (women), moderate for a Hb level between 7.0 and 9.9 g/dL and severe if <7 g/ dL.
ID was defined as a mean corpuscular volume (MCV) of <80 femtolitres (fL) in the absence of serum iron markers. 16 Subsequently, the ID and anaemia status of each participant was allocated into one of the following four categories: (1) No anaemia, no ID=absence of anaemia+MCV ≥80 fL; (2) No anaemia, yes ID=absence of anaemia+MCV <80 fL; (3) Yes anaemia, yes ID=presence of anaemia+MCV <80 fL and (4) Yes anaemia, no ID=presence of anaemia+MCV ≥80 fL.
Diagnostic criteria for hypertensive HF, rheumatic heart disease and cardiomyopathy were modified after the chronic HF cohort in the Heart of Soweto Study, 17 according to the definitions previously published. 7 Formal education was defined as primary school or above and unemployment as not on private or governmental official duties with a monthly income. Creatinine clearance was calculated according to the Cockcroft-Gault formula. 18 Severe renal dysfunction was defined as creatinine clearance <30 mL/min. Pulmonary hypertension (PH) was defined as an echocardiographically estimated right ventricular systolic pressure >35 mm Hg. 17 
Statistical analyses
Data were entered and validated using OpenClinica software. Continuous variables were tested for normality distribution and reported as mean±SD or median (IQR) as appropriate. Categorical variables were compared using χ 2 test. Selected continuous variables were categorised according to previously established clinically relevant criteria 19 (table 3) . The influence of selected characteristics on survival free from the secondary outcome (composite of hospitalisation due to HF or all-cause mortality) was assessed by Kaplan-Meier plots. Univariate and multivariate logistic regression analyses were used to determine the correlates of anaemia, while Cox proportional hazard was used to determine the effect of anaemia and ID on the composite endpoint. Additional restricted cubic spline models at three knots were used to determine the linear effect of quantitative variables on composite endpoint. In all multivariate analyses (logistic regression, Cox proportional hazard regression and cubic spline), variables with p value <0.10 and in addition age, sex and HF causes were included. Patients who were lost to follow-up (16 of 401) were excluded from the analyses of the secondary outcome. Interaction terms between exposure categories and potential effect modifiers (sex, LVEF, site of recruitment and New York Heart Association (NYHA) class) were created and assessed for significance in the multivariate models using a likelihood ratio test, estimates of the associations being stratified by the variable of interest. Analyses were performed using Stata V.13 and R statistical packages. A twosided p value of 0.05 was considered statistically significant. Figure 1 shows the flow of patients recruited into the TaHeF, while baseline characteristics are presented in table 1. A total of 401 patients with HF met the inclusion criteria (women=206; 51%). The median age was 56 years, (IQR 41-67 years). Most patients (70%) were recruited from the outpatient clinic. Twenty per cent were in NYHA class II, 48% in class III and 32% in class IV. Atrial fibrillation was present in 17% of the patients and diabetes in 12%. PH was seen in 19% and severe renal dysfunction was present in 18% of the patients. The mean LVEF was 41±12% and 68% of the patients had a LVEF <45%. ACE inhibitors or angiotensin receptor blockers were used in 92%, loop diuretics in 82% and β blockers in 41%.
RESULTS
Patient flow and baseline characteristics
Prevalence of anaemia and ID
The total prevalence of anaemia was 57%, mild in 45%, moderate in 10% and severe in 2% of the patients. The overall prevalence of ID was 49%, 69% in subjects with anaemia versus 21% among those without anaemia ( p<0.001). Normocytic anaemia was seen in 18% of all study patients while none had macrocytic anaemia. The prevalence distribution of anaemia and ID did not differ significantly in relation to sex ( p=0.068) and NYHA class (p=0.101) except for LVEF ( p<0.001) in which patients with LVEF <45% had a higher prevalence (table 2) .
Correlates of anaemia in HF
Univariate and multivariate correlates of anaemia in HF are presented in table 3. Age and gender did not correlate with anaemia. Significant independent predictors from multivariate model were residency outside Dar es Salaam, atrial fibrillation, creatinine clearance, total cholesterol and LVEF <45%. NYHA Figure 1 Flow chart of patients included in The Tanzania Heart Failure (TaHef ) study for anaemia and iron deficiency analyses. MCV, mean corpuscular volume.
class, being inpatient, PH, body mass index and mean arterial pressure appeared to be risk markers of anaemia in the univariate analyses but did not remain after controlling for potential confounders.
Composite endpoint during follow-up
Complete follow-up was obtained on 385 (96%) of the 401 patients during the median follow-up time of 7.7 months. During this period, 106 (26%) of the patients experienced a composite of hospitalisation due to HF (n=40) or all-cause mortality (n=66). The overall 1-year survival free from a composite endpoint was 70%. The distribution of survival rates on the various forms of anaemia and ID is shown in figure 2A -D. The composite endpoint was most frequently experienced by patients with both anaemia and ID (figure 2A, D) and in those with HF and (+) ID versus HF and (−) ID (figure 2B).
Associations of anaemia and ID with the composite endpoint
Associations of anaemia and ID with the composite endpoint are presented in table 4. In the multivariate Cox proportional hazard, anaemia and ID were significantly associated with a higher HR (HR 2.67; 95% CI 1.39 to 5.07; p=0.003), but the association was not statistically significant for ID without anaemia or anaemia without ID.
Restricted cubic spline models (figure 3) assessing the effects of change in Hb and MCV as continuous predictors of secondary outcome revealed no significant departures from linearity for Hb ( p=0.25) or MCV ( p=0.45). Fewer cases of composite endpoint were seen on the extremes values of Hb and MCV.
The relation of ID and anaemia with composite endpoint was modified by female gender ( p for interaction=0.031) and site of recruitment ( p for interaction=0.044).
DISCUSSION
This study provides important information on the characterisation of anaemia and ID in HF in a SSA country. The presence of ID with anaemia had a deleterious prognostic impact warranting active detection and managing as a potential way to improve the prognosis of HF in Tanzania.
Anaemia was common in HF although a majority of the patients were relatively young (median age, 56 years), in a stable condition (48% in NYHA III) and ambulatory (70% outpatients). The current findings support a similar investigation from Uganda 11 Continued but were, in both studies, higher than in other SSA countries (13-41%). 8 10 Compared with HIC (21-33%), anaemia was frequent, especially considering the about two decades higher age in such populations and that the prevalence of acute HF at study recruitment was more common in these countries. [4] [5] [6] The high prevalence of ID and anaemia in the present study is reasonably explained by underlying malnutrition and chronic infections not commonly seen in HIC. Another possibility maybe a difference in pathophysiology of anaemia and HF in the setting of a mainly ischaemic background to HF as in HIC compared with nonischaemic HF as in the present population. The current data show that HF was mainly due to hypertension (44%) in the present population. Hypertension in the Tanzanian general population has been estimated to be about 30%. 20 Anaemia has a significant impact on mortality in HF in SSA compared with HIC 7 and public health interventions are required to identify treatable causes, hence improving the prognosis. In SSA, it is not well documented whether the anaemia seen in HF is mainly due to ID or anaemia related to chronic disease (ACD). The present 69% prevalence of ID in anaemia is higher than previously reported proportions of 21-61%. 12 13 21 22 To the best of our knowledge, this is the first study in SSA showing that ID anaemia is common in HF. However, further studies to determine ID anaemia in HF should be done using validated tools applicable to SSA where infections and inflammatory conditions are very common.
The overall prevalence of ID regardless of anaemia was 49%, that is, comparable with findings reported from a pooled analysis 13 but is higher than in other studies (22% and 37%) in HIC 12 21 and lower than in others 5 22 23 in which ID was seen in 58-73% of the patients. Data on the epidemiology and pathophysiology of ID in HF in SSA are scarce. The variations in ID prevalence might be explained by the lack of standard definitions for ID in HF and differences in the population characteristics. It may also be reflected that only MCV was used to define ID. The use of serum ferritin and transferrin saturation might have provided a somewhat more accurate classification. However, in discriminant analysis, serum ferritin alone or in combination with other inflammatory markers provide only marginal improvement in distinguishing ID from ACD compared with MCV alone. 24 25 Anaemia is known to be associated with poor LVEF, renal failure, ageing and gender. 13 26 27 In our study, atrial fibrillation and high total cholesterol, but not age and gender, were additional independent risk factors for anaemia in HF suggesting a need for more understanding of the pathophysiological factors.
There is limited and partially conflicting information on the impact of ID on prognosis in HF patients, although poor outcome appears predominate. In most available studies, 12 13 21 22 ID carried a higher risk of poor outcome in HF irrespective of the presence of anaemia. In contrast, Parikh et al 23 found that ID was not associated with all-cause mortality or cardiovascular mortality in patients with self-reported HF. The present data show that ID anaemia but not anaemia alone or ID alone was an independent predictor of secondary outcome in HF and this was more pronounced in women compared with men. Four models were analysed taking into consideration both ID and anaemia and including both patients with preserved and reduced LV systolic function. It appeared that not only anaemia or ID alone, but, more importantly, ID anaemia had the worst prognostic implication. Further studies are needed to explain the prognostic variations contributed by each of the ID, ID anaemia and anaemia in HF. A strength is that this report is based on a large and wellcharacterised population with minor loss to follow-up in a resource-limited country in which HF is mainly non-ischaemic. This expands the understanding of anaemia and ID in HF beyond that reported from HIC.
Study limitations
Information on serum iron, ferritin, total iron binding capacity, folate and cobalamin would have given further possibilities to characterise anaemia. The use of MCV to define ID might also overestimate its magnitude. MCV was used as a simple and inexpensive initial tool for identifying ID and should be useful for initiating treatment if resources are limited or biochemical markers are not readily available. As underlined, there are no standard criteria for the diagnosis of ID and its differentiating from ACDs in HF. The absence of natriuretic peptides and invasive ischaemic HF diagnosis/verification may also be seen as limitations, thus potentially underestimating the magnitude of ischaemic heart disease. Although the relatively low number of events may have underpowered the anaemia and ID model, it is still sufficient to identify at least some clinically important factors that may be intervened against. The study also still provides a comprehensive evaluation of ID and anaemia in HF in countries with limited resources.
CONCLUSION
ID with anaemia was common in the present Sub-Saharan HF population and had a negative prognostic implication. It is recommended that ID and anaemia are actively assessed and managed in HF.
Key messages
What is already known on this subject? ▸ The epidemiology and prognosis of anaemia in heart failure (HF) have been extensively studied in high-income countries (HIC) but less in Sub-Saharan Africa. ▸ In HIC, iron deficiency (ID) , not yet causing anaemia, is associated with a compromised prognosis in HF.
What might this add? ▸ Anaemia and ID are common in HF in Tanzania. ▸ Atrial fibrillation, creatinine clearance, total cholesterol and LVEF <45% are independent predictors of anaemia in HF in Tanzania. ▸ ID anaemia, however, not anaemia alone or ID alone is an independent predictor of poor prognosis in HF.
How might this impact on clinical practice? ▸ The presence of ID with anaemia has a deleterious prognostic impact warranting active detection and managing as a potential way to improve the prognosis of HF in Tanzania.
